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If leukocyte pyrogen is responsible for the fever which develops when endotoxin is 
injected into rabbits, then it should be possible  to show: (i)  that sufficient  leukocyte 
pyrogen is liberated in vitro from blood incubated with endotoxin; (ii) that the pyro- 
gen appears sufficiently rapidly. There is very little evidence in the literature on these 
points.  Collins  and Wood (1)  showed that very little pyrogen appeared in their ex- 
periments  before  leukoeytes and  endotoxin  had  been  incubated  together  for 4  hr. 
Cooper, Cranston, and  Fessler  (2)  incubated leukocytes and endotoxin together for 
an hour, but their assay method was invalid (3) and they themselves admitted that 
they could not be certain that the pyrogen added at the beginning was not that present 
at the end. Gerbrandy, Snell, and Cranston (4) and Snell et al. (5) found pyrogen after 
4 hrs incubation of human blood with endotoxin. The distinction between endotoxin 
and leukocyte pyrogen depended entirely on the latent period of the resulting fevers. 
Despite these studies, there is very good evidence that circulating endogenous pyrogen 
appears in rabbits after injection of endotoxin (6, 7), and that probably this is liber- 
ated by neutrophil polymorphs (8, 9). 
In a previous paper (10) it was shown that a  concentration of proteus endo- 
toxin of 0.001  #g/ml produced complete liberation of leukocyte pyrogen from 
blood  after  incubation  for  24  hr,  and  that  a  concentration  of 0.0001  #g/ml 
produced  no  detectable  amount  of leukocyte pyrogen.  Rabbits  respond  with 
brisk fever to a  dose of 0.01  #g of proteus endotoxin, corresponding to a  blood 
concentration of about 0.00005 #g/ml. It would therefore seem that the release 
of leukocyte pyrogen from blood occurs only at high concentrations of endotoxin 
and is even then too stow to account for fevers seen in living animals. The experi- 
ments described in this paper were undertaken  in an attempt  to resolve these 
difficulties. 
Methods 
These have been described previously (11). In all experiments proteus endotoxin was used, 
and the assay animals were rendered endotoxin-refractory by an injection of 1/zg of proteus 
endotoxin 16-18 ~r before use. All experimental results are quoted as mean fever in *C, 4- 95% 
confidence limits, and can be regarded as measuring leukocyte pyrogen content  in arbitrary 
units. 
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RESULTS 
Fig. 1 shows the results of an experiment designed to show the time course 
of leukocyte pyrogen liberation from rabbit blood incubated with a  high con- 
centration of proteus endotoxin. A series of bottles each containing fresh rabbit 
blood and 0.03  #g/ml of proteus endotoxin was incubated 0,  4,  8,  12,  16,  20, 
24, 48, 72 hr, and 1 wk. Two bottles containing the same blood but no endotoxin 
were incubated 48 hr and 1 wk. Bacterial cultures  were taken of the 24 hr and 
1 wk  incubations  of  blood with  endotoxin.  These were  sterile.  After  incuba- 
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FZGS. 1 and 2. Time course of leukocyte pyrogen formation in rabbit blood incubated with 
0.03 ~g/ml of proteus endotoxin at 38°C. Test dose, 1 ml plasma. 
tion the  cells  were  centrifuged  down and  the  plasma removed for leukocyte 
pyrogen  assay.  The  supernates  from  blood  incubated  24 hr  or  longer  were 
simply injected into endotoxin-refractory rabbits.  Supernates from shorter in- 
cubations, say x hours, were reincubated for (24 -  x)  hours so that  the  total 
incubation period was 24 hr. They were then injected into endotoxin-refractory 
rabbits. 
Leukocyte  pyrogen  appeared  in  the  supernatant  plasma  at  a  rate  which 
seemed  roughly  linear  over the  first  12  hr,  but  thereafter  a  maximum was 
attained,  and no more pyrogen appeared even after a  week.  Blood incubated 
without endotoxin yielded no significant amount of pyrogen. 
Fig.  2  shows  a  second  experiment  in  which  the  results  entirely  confirm 
those of the first, and also show that no significant amount of leukocyte pyrogen 
appeared before 4 hr incubation. P.  A. MURPHY  773 
It  seemed possible that  leukocyte pyrogen formation was  so slow because 
incubation of anticoagulated blood from anesthetized rabbits with endotoxin in 
an  incubator  under  static  conditions  was  too  unphysiological.  Experiments 
were therefore done to study the effects of shaking; using nonsiliconed surfaces; 
oxygenation; use of local instead of general anesthesia for donor animals; and 
the use of nonheparinized blood whether as simple clotted blood, defibrinated 
blood,  or blood thrombosed  in  the  Chandler  (12)  apparatus.  None of these 
maneuvers speeded up  the rate of pyrogen liberation.  Fessler et al.  (13)  had 
reported that nitrofurazone fed to rabbits to prevent coccidiosis inhibited the 
release of leukocyte pyrogen from peritoneal exudate cells.  It was shown that 
this did not affect the behavior of blood cells. 
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These experiments were all done using 0.03 #g of proteus endotoxin/ml blood, 
and it was thought possible that some nonspecific toxic effect might be slowing 
down the rate  of pyrogen liberation.  Experiments were therefore done using 
smaller concentrations of 0.003 and 0.001  #g/ml; the rate was slightly slower, 
not faster. 
In an earlier paper (10) it was shown that concentrations of proteus endotoxin 
below 0.001 #g/ml did not produce complete liberation of all available pyrogen 
at 24 hr. In experiments with these low concentrations, control samples of the 
same blood were incubated with 0.03 #g/ml of proteus endotoxin to give an 
indication  of  the maximum  yield. Fig. 3  shows  the  results  with  0.0003  and 
0.0005 #g/ml. What pyrogen was liberated was mostly already present at 12 hr. 
Thus large reductions in endotoxin concentration did not produce corresponding 
reductions in the rate of leukocyte pyrogen formation. 
If the endotoxin concentration was reduced to 0.0001  #g/ml, no pyrogen was 
detectable when the usual dose of 1 ml of plasma was tested. However, small 774  RELEASE  RATE  OF  LEUKOCYTE  PYROGEN 
quantities of leukocyte pyrogen could be detected by using larger volumes of 
plasma for assay, and an experiment with 0.0001 #g/ml is shown in Fig.  4. 
It is clear that 80% of the final yield is already present at 12 hr and that there 
is no sign of the maximal yield from the same blood ever being attained. 
When blood was incubated alone at 37°C and the plasma tested in the usual 
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FIe. 3.  Time course of leukocyte pyrogen formation in rabbit blood incubated with 0.0003 
and 0.0005/zg/ml proteus endotoxin at 38°C. Test dose, 1 ml plasma. 
LU 
Ln0.8 
O  a. 
u~ 
uJ 
o~ 
0,4 
1.2. 
test  dose  3 ml  T 
•  T 
,'2  2'4  36  4s 
T 
o 
L 
control 
O.03/.Lg/mlln¢. 
24  hr 
test  dose  l ml 
TIME ('HR) 
FIG. 4.  Time course of leukocyte pyrogen formation in rabbit blood incubated with 0.0001 
#g/ml proteus endotoxin at 38°C. Note difference in test dose of plasma. P. A. ~XaRPH"r  775 
dose  of  1 ml,  no fever resulted.  So reliable  was this  finding  that  it was used 
experimentally  as  the  routine  control for excluding  contamination  by micro- 
organisms  or  external  endotoxin.  However,  in  performing  experiments  with 
low concentrations of endotoxin and large volumes of test plasma, it was found 
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FIG. 5. Leukocyte pyrogen formation in rabbit blood incubated without endotoxin. Note 
difference in test doses of plasma. 
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FIG. 6. Time course of leukocyte pymgen formation in a]] concentrations of endotoxin 
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that control plasmas from blood incubated without endotoxin were sometimes 
pyrogenic. Bacterial cultures of these plasmas were sterile. Because of the im- 
portance of this finding, a special experiment was undertaken. 
Six rabbits were injected intramuscularly with penicillin 1.6 megaunits and 
streptomycin 0.17 g on four consecutive days. 2 hr before bleeding they were 
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Fro. 7.  Mean fever curves from groups of four rabbits given 0.06, 0.2, and 0.6 gg of proteus 
endotoxin in saline. 
TABLE  I 
Release of Leukocyte  Pyrogen from Blood Incubated  with Endotoxin  for 30 rain 
Endotoxin  concentration 
Izg/ml 
0.001 
0.0003 
Nil 
0.001 
0.03 
In  c  u  ba~t  i~sn~  Lk~  e  r  i  ° d 
30 min 
30 min 
30 min 
Nil 
24 hr 
Test dose of plasma 
ml 
4O 
4O 
4O 
4O 
1 
Mean fever =t: 95% 
confidence  limits 
o  C 
0.26  -4-  .10 
0.21  4.  .07 
0.09  4-  .09 
0.11  4.  .08 
0.45  4.  .13 
given the same dose intravenously. Because of a report (14) that endotoxin was 
not entirely eliminated by heating at 170°C for 3 hr, the entire experiment was 
performed using specially cleaned equipment which had been baked at 260°C 
for 3 hr. 50 ml of blood was withdrawn from the ear artery of each rabbit, and 
the pooled samples were divided into three untreated aliquots incubated 12, 24, 
and 48 hr, and a control aliquot incubated with 0.03/~g/ml endotoxin for 24 hr. 
The results are shown in Fig. 5, and show that small but definite quantities of 
leukocyte pyrogen are released from whole blood incubated at 37°C even when 
rigorous  precautions  have  been  taken  to  exclude  contamination  by  small 
quantities of endotoxin, and to exclude circulating bacteria. e. A. mnum-Y  777 
If the results for each concentration d  endotoxin were expressed as a  per- 
centage  of  the  maximum possible,  one  experiment could be  compared  with 
another. For endotoxin concentrations of 0.001 ttg/ml or above, the maximum 
TABLE H 
Release of Leukocyte P~ogen from Blood Incubated with Endotoxin for 30 rain 
Endotoxin concentration  Incuba?~sn~aeri°d  Test dose of plasma  Mean fever 4. 95%  *  confidence  limits 
I~glr,  g 
0.001 
0.001 
0.003 
0.003 
30 rain 
Nil 
30 rain 
Nil 
m/ 
30 
30 
30 
30 
~C 
0.24  .4-  .14 
0.07  ±  .09 
0.65  ±  .24 
0.19  4-  .11 
TABLE IH 
Release of Leukocyte Pyrogen  from Blood Incubated with Endotoxin for 1 Hr 
Endotoxin concentration  Incub~t~sn~eri°d  Test dose of plasma  Mean fever, 4- 95% 
*  confidence  limits 
#g/mt 
0.03 
0.03 
Nil 
0.03 
0.003 
24 hr 
Nil 
liar 
lhr 
liar 
ml 
1 
10 
10 
10 
10 
*C 
1.14  ±  .33 
0.08  ±  .13 
0.20  ±  .06 
0.67  4-  .19 
0.38  4-  .19 
TABLE IV 
Rdease of Leukocyle Pyrogen  from Blood Incubated with Endotoxin for i  Hr 
Endotoxin concentration  Incubation  period  Test dose of plasma  Mean fever 4. 95%  at 38°C  confidence limits 
0.003 
0.001 
Nil 
0.001 
0.0003 
24 hr 
Nil 
lhr 
lhr 
llar 
m/ 
1 
12 
12 
12 
12 
*c 
0.94  ±  .16 
0.00  ±  .00 
0.10  4-  .12 
0.66  ±  .O9 
0.74  4-  .23 
was given by the plateau value. For smaller concentrations, the value was that 
of the aliquot incubated 24 hr with 0.03 #g/m1 endotoxin. The graphs of pyro- 
gen liberation, expressed as percentage of the maximum possible, against time 
axe shown for all concentrations of endotoxin tested, and for blood incubated 
without endotoxin in Fig. 6. 
These experiments suggested that provided large doses of plasma were used 
for testing, it might be possible to demonstrate early liberation of leukocyte 778  RELEASE  RATE  OF  LEUKOCYTE  PYROGEN 
pyrogen in the course of incubation of blood with endotoxin. As a preliminary, 
four rabbits who had never received endotoxin before were injected with 0.6, 
0.2, and 0.06 #g of endotoxin in saline. These quantities were chosen to cor- 
respond with 0.003, 0.001,  and 0.0003 #g/ml of blood. Mean fever curves for 
each  group  are  shown  in  Fig.  7,  and  it  can be  seen that  enough leukocyte 
pyrogen should be demonstrable in vitro to cause 0.5°C fever at 30 min, and 
about 1.2°C at 60 rain. 
Experiments on pyrogen liberation at 30 min were rendered very difficult by 
the huge volumes of blood required. However, with very large test doses of 
plasm  a it was possible to demonstrate small amounts of leukocyte pyrogen in 
the plasma of blood incubated for 30 min with endotoxin, which were not pres- 
ent in samples incubated without endotoxin, or in samples with added endo- 
toxin which were not incubated  (Table I).  The fact that  these small fevers 
were not due to the endotoxin added was confirmed by two further experiments 
(Table II). 
It was considerably easier to demonstrate pyrogen liberation after an incuba- 
tion of 1 hr. The results of two experiments are shown in Tables III and IV. 
DISCUSSION 
These experiments were performed using the approximate assay method with 
only one dose of each material (11). However they are consistent both within 
and between experiments, and it is considered unlikely that the use of com- 
plicated assay methods would reveal any new information, or materially affect 
the conclusions reached. 
The time course of leukocyte pyrogen liberation confirms the conclusion al- 
ready reached in a previous paper (10) that the pyrogen appearing in the plasma 
of blood incubated with endotoxin cannot be endotoxin as  added at the be- 
ginning of incubation. Despite the high concentrations of endotoxin used, the 
chief difficulty has been to demonstrate the presence of any pyrogen, whatever 
its nature, in the plasma of blood incubated with endotoxin for short periods. 
Plasma  obtained from blood centrifuged immediately after adding endotoxin 
was invariably nonpyrogenic. 
The finding that leukocyte pyrogen can be obtained from untreated rabbit 
blood is of some theoretical importance, for it was difficult to understand why a 
substance alleged to be the final common mechanism of all fevers should be so 
difficult to demonstrate in the cells from which it was said to come. Only one 
experiment is reported in detail, but it was consistently found that leukocyte 
pyrogen could  be  demonstrated  in  the  plasma  of blood  incubated  without 
endotoxin, provided large doses were used for testing. The quantity was about 
10% of that available from the same blood under maximal stimulation with 
endotoxin and did not rise further with continued incubation, at any rate for 
periods up to 1 wk. The differences between previous workers (13,  15-17) ap- 
pear to be due to quantitative factors. P.  A. MURPHY  779 
It is quite clear that complete release of all the pyrogen which a  leukocyte 
can make cannot be used to explain endotoxin fevers. The reaction is at least 
ten times too slow, even in concentrations of endotoxin which would be lethal 
if given to a  rabbit. However, if each leukocyte liberated only a small fraction 
of the pyrogen it could make, the individually minute contributions might sum 
up to produce a  large quantity of pyrogen. It should be mentioned that if a 
small fraction of the  leukocytes were especially susceptible  to the  action of 
endotoxin, the same sort of effect might occur. This hypothesis seems less likely 
on several grounds,  but  cannot be excluded. It  seems  questionable  whether 
complete release of all the pyrogen in a leukocyte ever occurs naturally, for the 
febrile response to even the largest dose of endotoxin has subsided after 6 to 8 
hr. 
The experiments on the amounts of leukocyte pyrogen appearing when blood 
is incubated with endotoxin for only 30 min are not beyond criticism. Only one 
experiment of four shows a clear and obvious difference between the incubated 
blood and the controls. However, the small differences found are each significant 
at the 5 % level as judged by the t test, and if the three small fevers are pooled 
by analysis of variance and compared with the controls, an immensely signifi- 
cant value of F  is obtained. There is therefore no doubt that a  pyrogen was 
present in the 30 min samples which was not present in the controls. If the 
results  are  taken  at  face  value,  enough  leukocyte  pyrogen  to  cause  0.20- 
0.25°C of fever was liberated from 65 ml of blood after 30 min incubation with 
endotoxin. The assay procedure, though necessary to inactivate endotoxin, is 
known to depress the response to small quantities of leukocyte pyrogen by 50 % 
or more (9). It was impossible to mix endotoxin adequately with 500 ml samples 
of blood. Lastly, 65 ml is about one-third of the blood volume of a rabbit. At 30 
min after injection of endotoxin, a  rabbit's temperature has risen only 0.5°C 
above base line. When the various factors above are taken into consideration, 
the results are at least not incompatible with the hypothesis that leukocyte 
pyrogen is responsible for the fever caused by injections of endotoxin. 
The amounts of leukocyte pyrogen demonstrated after incubating blood and 
endotoxin together for an hour seem perfectly adequate from every point of 
view, being four or five tames those required to explain fevers observed after 
injecting rabbits with the same concentrations of endotoxin. The transferable 
pyrogen found in febrile rabbits  after typhoid vaccine  (6,  7),  gram-positive 
cocci (18), viruses (19) and antigens (20) behaved like leukocyte pyrogen, and 
not like the tissue pyrogens of Atkins and Snell (3). It is  therefore possible to 
account for endotoxin fevers in terms of leukocyte pyrogen only. 
SUMMARY 
The time course of leukocyte pyrogen liberation from whole rabbit blood 
incubated at 37°C with various concentrations of proteus endotoxin was stud- 
ied.  The kinetics  of the  process provide further evidence for the  view  that 780  RELEASE  RATE  O~F  LEUKOCYTE  PYROGEN 
leukocyte pyrogen is an independent entity. It was shown that complete libera- 
tion of all available leukocyte pyrogen from blood is too slow a  process to ac- 
count for the fevers seen when rabbits  are injected with endotoxin. However, 
very  small  quantities  of  leukocyte  pyrogen  were  demonstrated  after  short 
periods  of incubation which are  adequate  to account for endotoxin fevers.  It 
was  also found  that  small,  but  definite,  quantities  of leukocyte pyrogen are 
liberated from rabbit blood incubated without endotoxin. 
The work described in this paper was done while the author held a Medical Research Coun- 
cil Fellowship in Clinical Research. I wishto thank Mr. C. Hanson, Mr. P. Pollitt, and Mr. G. 
Barnard for technical assistance. 
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